During 2013-2017, assemblages of bush-crickets and grasshoppers were surveyed in two neighbouring flysch mountains -Čergov Mts (48 sites) and Levočské vrchy Mts (62 sites) -in northern part of Western Carpathians. Species were sampled mostly at grasslands and forest edges along elevational gradient between 370 and 1220 m a.s.l. Within the entire area (ca 930 km 2 ) we documented 54 species, representing 38% of Carpathian Orthoptera species richness. We found the same species number (45) in both mountain ranges with nine unique species in each of them. No difference in mean species richness per site was found between the mountain ranges (mean ± SD = 12.5 ± 3.9). Elevation explained 2.9% of variation in site species richness. Elevation and mountain range identity explained 7.3% of assemblages composition. We found new latitudinal as well as longitudinal limits in the distribution for several species. Occurrence and distributional patterns of some noteworthy species (Isophya stysi, Pholidoptera transsylvanica, Poecilimon schmidtii, Polysarcus denticauda, Pseudopodisma nagyi, Chorthippus tatrae), as well as habitat specialists (Chorthippus pullus, Tetrix tuerki) are discussed.
Introduction
The Carpathian Mountains are the largest mountain range in Central and Southeastern Europe and an important center of endemism and biodiversity for many plant and animal groups (Ronikier 2011 , Mráz and Ronikier 2016 . The northern part of Carpathian Mts has been less studied area for distributional data of Carpathian Orthoptera untill 2000 (Mařan 1956 , Bazyluk and Liana 2000 , Jarčuška et al. 2015 . Today we know that several species and even genera of Orthoptera have the northernmost range limit there (Hochkirch et al. 2016) . For example, two species of Pseudopodisma (Galvagni and Fontana 1996) , then Poecilimon schmidtii, Isophya stysi and Pholidoptera transsylvanica (Krištín and Kaňuch 2013 , 2019 , Jarčuška et al. 2015 , Krištín and Jarčuška 2016 .
The northern part of Western Carpathians in Slovakia and southern Poland is characterized by cooler climate, different types of grasslands and forest habitats along elevational gradients up to 2655 m a.s.l. Relatively diverse environmental conditions may explain rich species diversity of insect and particularly Orthoptera assemblages (Gavlas et al. 2007 , Krištín 2010 . Grassland habitats, broadleaved forests and their ecotones are relatively well preserved there, being a regional hotspot for central European orthopteran fauna (Bazyluk 1971 , Bazyluk and Liana 2000 , Nagy 2005 , Kenyeres et al. 2009 , Krištín and Iorgu 2014 , Jarčuška et al. 2015 . Several Orthoptera species have been described there (e.g. Isophya pienensis, Isophya posthumoidalis, Chorthippus tatrae, Isophya fatrensis, Chorthippus smardai - Mařan 1954 , Bazyluk 1971 , Chládek and Harz 1983 , Chládek 2007 , Chládek 2014 ) and some of these Carpathian endemics are expected to have significant populations there (Jarčuška et al. 2015 , Krištín and Iorgu 2014 , Chládek 2014 , Hochkirch et al. 2016 . Elevational patterns in diversity of taxa may be apparent on a range of spatial scales (Gaston and Williams 1996) . At the finest scale the number of insect species associated with a particular habitats may decline with rising elevation ( Hodkinson 2005) . The distributions of many terrestrial organisms are currently shifting in latitude or elevation in response to changing climate (Hickling et al. 2006 , Chen et al. 2011 . Therefore, regularly updated knowledge about the range boundaries is important for understanding the effects of climate change on species distributional patterns (Keppel et al. 2012 , Fournier et al. 2017 , especially in mountain systems (Schmitt 2009 , Ronikier 2011 .
In this study we analyzed species composition and abundance of Orthoptera assemblages in Čergov Mts and Levočské vrchy Mts in relationship to the elevation and we discussed the importance of these two mountain ranges for Carpathian Orthoptera diversity.
Material and methods

Study area and sites
Species assemblages were studied in two Carpathian mountains (Čergov Mts, ca 301 km 2 -48 sites and Levočské vrchy Mts ca 625 km 2 -62 sites) ( Fig. 1) . Altogether 110 sites were sampled along an elevational gradient ranging from 370 to 1220 m a.s.l. (49.0274-49.3381° N, 20.38074-21 .23336° E; Appendix 2, 3). Most of the study area is located on flysch bedrock, with similar elevational gradients in both mountains (Čergov 1157 m a.s.l., Levočské vrchy Mts 1289 m a.s.l.). Both mountain ranges are mostly forested landscapes. Levočské vrchy Mts are covered more with secondary coniferous forests and influenced by cold climate of High Tatra Mts from the west while Čergov Mts. are predominantly covered with broadleaved forests influenced by warm climate of Pannonian area from the southeast. Following these characteristics, we studied substantially more sites in adjacent coniferous forests in Levočské vrchy Mts (48.4 vs 8.3% in Čergov Mts.) and on other hand more sites in broadleaved forests in Čergov Mts (56.3 % vs 11.2% in Levočské vrchy Mts), with similar ratio of mixed and azonal forests (Appendix 2, 3).
Data collection
Field survey was carried out mostly in June -August in 2013-2017 (4 sites in 2009), when 24 of 110 study sites (12 in each mountain range) were visited repeat- edly (up to 3 visits, Appendix 2, 3). The material was sampled mostly by sweeping herb and shrub vegetation by three or four persons (ca. 2000 sweeps per site). This method was supplemented with acoustical identification, beating from lower part of trees and shrubs and individual collection of specimens in characteristic habitats of the site. We spent at least two hours of collection at each site. Abundance of individual species on the site was expressed by using the following classification scale: 1 -very rare (less than 3 adult specimens), 2 -rare (3-10 specimens), 3 -abundant (11-100 specimens), 4 -very abundant (more than 100 specimens). Relative semiquantitative values of abundance listed in the results represent the highest recorded values of the adults per visit corresponding to one site (Appendix 4, 5). Specimens were identified directly in the field or fixed using 75% ethanol and determined in the lab using identification keys (Harz 1969 , 1975 , Heller et al. 2004 . The system and the nomenclature was used according to Cigliano et al. (2019) , the geographical data about the origin and distribution follow the work by Harz (1969 Harz ( , 1975 , Ingrisch and Köhler (1998) and Rácz (1998) (Appendix 1, 4, 5) .
For each surveyed site, the elevation was derived from the map. Frequency of species occurrence (%F) was calculated for whole dataset and for each mountain range separately.
Data analysis
Difference in number of species between two mountain ranges was tested using general linear model (GLM) with Poisson distribution and log-link function. Ensifera and Mantodea species (only for analysis purpose, single representative of Mantodea was pooled with Ensifera), Caelifera and all species were used as response variables also in separate analyses. The mountain range was used as categorical variable and elevation as continuous variable in the analysis. Function Anova from package 'car' (Fox and Weisberg 2019) with type III sum of squares and contr.sum contrasts were used to test statistical significance of variables in the GLM. Pseudo-R 2 was calculated using package DescTools (Signorell et al. 2019) Statistical significance of differences in orthopteran assemblage structure (i.e semiquantitative abundance of species) between the two mountain ranges and along elevational gradient was tested using function manyglm from package 'mvabund' (Wang et al. 2019) . It has been shown that generalised linear models framework is a flexible powerful framework for analysing abundance data and have greater power than distance-based community methods (e.g. used in ANOSIM and SIMPER procedures; Wang et al. 2012) . A multivariate linear model with mountain range, elevation and interaction between them as explanatory variables was fitted with negative binomial distribution of data. Variation in multivariate response explained by an explanatory variable in the model -R 2 -was calculated using the package's function best.r.sq. Subsequently, species with the greatest contribution to the dissimilarity observed between mountains and along elevational gradient were identified. All analyses were performed in R environment (R Core Team 2019).
Results
A total number of 54 Orthoptera (24 Ensifera and 30 Caelifera) and one Mantodea species were detected across 110 studied sites in both studied mountains ( Appendix 1, 4, 5) . In spite of different number of sampling sites (48 Čergov, 62 Levočské vrchy Mts.) and twice larger area of Levočské vrchy mountain range, we found the same species number (45) in both areas with nine unique species in each of them ( Appendix 1, 4, 5, Fig. 1 ). However, the mean (±SD) number of Orthoptera and Mantodea species per site was 14.3 (±3.76) and 11.2 (±3.61) in Čergov and Levočské vrchy Mts, respectively (Fig. 2) . No significant differences in number of all species together and also number of Ensifera and Mantodea species had been observed between two mountain ranges. Only the elevation affected species richness and the pattern of association between elevation and species richness was the same for both mountain ranges (Table 1) . Mean number of both Ensifera/Mantodea and Caelifera species per site was higher in Čergov Mts (further CER) than Levočské vrchy Mts (further LEV) -6.8 (SD = 2.47) vs 4.9 (2.16) and 7.5 (2.25) vs 6.3 (2.30) for Ensifera and Caelifera, respectively ( Fig. 2) .
Elevation was negatively associated with number of species in both mountain ranges, however association was weak ( Fig. 3 , R 2 = 0.029, P < 0.001).
The multivariate linear model revealed that the Orthoptera and Mantodea assemblages composition were affected by mountain range (ANOVA, df = 1, 108, likelihood-ratio test (LRT) = 260.2, P = 0.001), and elevation (df = 1, 107, LRT = 246.3, P = 0.001). Interaction between mountain range and elevation was not statistically significant (df =1, 101, LRT = 50.7, P = 0.052). The model variables explained 7.3% of variability in assemblages' composition (elevation and mountain range explained 4.5% and 3.9%, respectively).
Species with the greatest contribution to the dissimilarity observed in species abundance between two mountain ranges (CER and LEV) were Pholidoptera transsylvanica (LRT = 55.619, P = 0.001; %F CER/LEV = 50/0%), Isophya camptoxypha (LRT = 18.425, P = 0.003; %F = 0/23%), Chorthippus tatrae (LRT = 11.109, P = 0.026; %F = 0/15%), Omocestus viridulus (LRT = 12.735, P = 0.010; %F = 46/76%), Stenobothrus lineatus (LRT = 10.57, P = 0.038; %F = 40/13%, Decticus verrucivorus (LRT = 10.545, P = 0.038; %F = 79/63%), less also Phaneroptera falcata (LRT = 9.508, P = 0.054, %F = 39.6/9.7), Poecilimon schmidtii (LRT = 8.763, P = 0.076, %F = 10.4/0) and Platycleis grisea (LRT = 8.685, P = 0.076, %F = 10.4/0). The species Leptophyes albovittata (LRT = 45.887, P = 0.001), P. falcata (LRT = 28.116, P = 0.001), P. transsylvanica (LRT = 12.913, P = 0.017), Tetrix tenuicornis (LRT = 14.416, P = 0.011), Chorthippus dorsatus (LRT = 16.393, P = 0.004) differentiated assemblages in relation to elevation -all these species except P. transsylvanica were more frequent and abundant in lower elevations.
Several other species were distinct for both mountain ranges (Isophya stysi, Pseudopodisma nagyi for CER, Tetrix subulata for LEV, Fig. 4) , having low frequency and abundance. Some other didn't have interpretation value, while occurríng in only one site (e.g. Conocephalus fuscus, Chorthippus vagans, O. caerulescens, Chorthippus oschei in CER, Pholidoptera aptera, Arcyptera fusca, Miramella alpina, in LEV, see Appendix 1, 4, 5).
Discussion
Species richness
This is the first report on Orthoptera assemblages along the Slovak-Polish bor- 
Differences of species assemblages in two mountain ranges
Dissimilarity in species composition between the two studied mountain ranges (20% of species in each mountain range = 9), could be explained by their different position and distance from the Pannonian basin and High Tatra Mts, by cooler climate in Levočské vrchy Mts and warmer climate in Čergov Mts. Three once believed south-eastern Carpathian and Pontomediterranean species P. transsylvanica (F = 50% of 48 sites), P. schmidtii (10.4%), I. stysi (8.3%), were found only in Čergov Mts. These mountains were found to be the nortwesternmost boundary of their global range that follows relatively continual distribution from the southeast (Hochkirch et al. 2016) . This knowledge supports the results of quantitative regionalization of the Carpathians based on Orthoptera, that these south-eastern Carpathian species are distributed more westward from the former outlined boundary between Western and Eastern Carpathians ). Furthermore, some thermophilous species were found in Čergov Mts mostly in significantly higher frequencies and abundance (P. grisea, L. albovittata, P. falcata, Fig. 4 ) than in cooler Levočské vrchy Mts. Only in Levočské vrchy Mts we found distinct Western Carpathian endemic Ch. tatrae (on 15% of 62 sites, having the easternmost range limit there), or mountainous species I. camptoxypha (23%), and other mountainous species found in lower frequencies or accessoric, but having the eastern and northern range limit there (Miramella alpina, Arcyptera fusca; Hochkirch et al. 2016 ). Furthermore, we found several species with significantly different frequencies and abundances such as mountainous species Omocestus viridulus and Polysarcus denticauda dominating in Levočské vrchy Mts and P. nagyi in Čergov Mts, which is the northernmost boundary of its fragmented range in Europe (Hochkirch et al. 2016) . Habitat specialists such as Chorthippus pullus and Tetrix tuerki were found only in azonal posi-titions of gravel banks along creeks on the piedmont in both mountain ranges (in the Torysa and Poprad river catchments), also the study area belongs to the strongholds of these species in Western Carpathians. Carpathian Dancing Grasshopper C. oschei (single male) was found only in one site and only in the Čergov Mts, together with more abundant and related C. albomarginatus (> 10 specimens). This record may widen our knowledge on the hybrid zone of these two species, but it needs further research.
Elevational patterns
In this small scale study (ca 930 km 2 of both mountains) we confirmed general pattern of negative correlation between the species richness and increasing elevation (e.g. Hodkinson 2005 , Nufio et al. 2010 , Fournier et al. 2017 
